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complex  thereof  with  ferric  hydroxide  which  complex  is 
stable  and  non-toxic  and  has  a  high  iron  content  are  obtained 
under  carefully  controlled  conditions  by  reacting  dextran 
having  a  molecular  weight  range  between  2000  and  6000 
with  sodium  chlorite;  and  then  reacting  with  ferric  hydroxide 
to  produce  the  desired  complex. 



BACKGROUND  OF  THE  INVENTION 

D e x t r a n   (C6H10O5)n   is  a  p o l y s a c c h a r i d e   p o l y m e r ,  

c o n t a i n i n g   a  p l u r a l i t y   of  m a i n l y   a l p h a - 1 , 6   l i n k e d  

g l u c o p y r a n o s e   or  g l u c o s y l   u n i t s ,   o b t a i n e d   by  t he   a c t i o n  

of  c e r t a i n   o r g a n i s m s   upon  s u c r o s e   by  m e t h o d s   w e l l   k n o w n  

to  t h e   p r i o r   a r t .   I t   is  g e n e r a l l y   p r o d u c e d   in  t h e   f o r m  

of  an  a q u e o u s   s o l u t i o n   of  a  m i x t u r e   of  p o l y m e r s   o f  

v a r i o u s   m o l e c u l a r   w e i g h t s .  

I r o n   d e x t r a n   has  been  d e v e l o p e d   and  u t i l i z e d   as  a  

s a t i s f a c t o r y   p r o d u c t   f o r   t h e r a p e u t i c   u s e ,   p r i m a r i l y   a s  

an  a g e n t   f o r   c o r r e c t i n g   i r o n   d e f i c i e n c i e s   in  a n i m a l s   a n d  

humans   by  p a r e n t e r a l   a d m i n i s t r a t i o n   as  by  i n t r a v e n o u s   o r  

i n t r a m u s c u l a r   i n j e c t i o n .   T h i s   p r o d u c t   has  c e r t a i n  

a d v a n t a g e s   d e r i v i n g   from  low  t o x i c i t y ,   low  i n c i d e n c e   o f  

s i d e   r e a c t i o n s   and  e f f e c t i v e  r a t e   of   i r o n   a b s o r p t i o n .  

I t   i s   f r e q u e n t l y   p r e p a r e d   by  f o r m i n g   a  c o m p l e x   o f  

d e x t r a n   w i t h   c o l l o i d a l   f e r r i c   h y d r o x i d e .  

C e r t a i n   p r i o r   a r t   p a t e n t s   d e s c r i b e   f e r r i c   h y d r o x i d e  

c o m p l e x e s   w i t h   d e x t r a n   or  o t h e r   c a r b o h y d r a t e   d e r i v a t i v e s  

in  e f f o r t s   to  a c h i e v e   a  d e s i r e d   h i g h   i r o n   c o n t e n t ,  
s u i t a b l e   s t a b i l i t y   and  low  t o x i c i t y .   I l l u s t r a t i v e   o f  

s u c h   a r t   a r e   U . S .   Pa t   No.  3 , 5 3 6 , 6 9 6   to   A l s o p   and  B r e m n e r  

and  B r i t i s h   P a t .   N o .  1 , 2 0 0 , 9 0 2   to   t h e  s a m e   i n v e n t o r s .  

T h e i r   U . S .   p a t e n t   d e s c r i b e s   t h e   f o r m a t i o n   of  f e r r i c  

h y d r o x i d e   c o m p l e x e s   w i t h   a  d e x t r a n   c a r b o x y l i c   a c i d  

f o r m e d   by  i n t r o d u c i n g   a  c a r b o x y l i c   a c i d   g r o u p   i n t o   a  



t e r m i n a l   u n i t   of  t h e   d e x t r a n   p o l y m e r   t o   fo rm  a  d e x t r a n  

h e p t o n i c   a c i d .   The  A l s o p   et  a l .   B r i t i s h   p a t e n t   r e l a t e s  

to  a  p r o c e d u r e   f o r   f o r m i n g   the   f e r r i c   h y d r o x i d e   c o m p l e x  

by  c o n t r o l l i n g   t h e   r a t e   of  a d d i t i o n   of   a l k a l i   d u r i n g  

c o m p l e x i n g .  

One  d i s a d v a n t a g e   of  c o n v e n t i o n a l   i r o n   d e x t r a n  

c o m p l e x e s   is   t h e   f a c t   t h a t   i t   is  d i f f i c u l t   to  o b t a i n  

i n j e c t a b l e   s t a b l e   c o m p l e x e s   in  c o l l o i d a l   s o l u t i o n   w i t h  

f a i r l y   h i g h   i r o n   c o n t e n t ;   say  more  t h a n   10%,  and  t h a t   a s  

t h e   i r o n   c o n t e n t   i n c r e a s e s ,   t he   v i s c o s i t y   of  t h e   c o m p l e x  

i n c r e a s e s   r a p i d l y   so  t h a t   at  h i g h e r   i r o n   c o n t e n t   t h e  

h i g h e r   v i s c o s i t y   i m p e d e s   a d m i n i s t r a t i o n   by  i n j e c t i o n   a n d  

d e c r e a s e s   t h e   r a t e   of  a b s o r p t i o n   i n t o   a n i m a l   t i s s u e s .  

As  d e s c r i b e d   in  U.S .   P a t e n t   4 , 3 7 0   476 ,   h i g h   i r o n  

d e x t r a n   c o m p l e x e s   a r e   o b t a i n e d   by  r e a c t i n g   d e x t r a n   in  a  

two  s t a g e   o x i d a t i o n   p r o c e s s   to  p r o d u c e   a  p o l y c a r b o x y l i c  

a c i d   d e x t r a n   p o l y m e r   w h i c h   is  t h e n   c o m p l e x e d   w i t h   f e r r i c  

h y d r o x i d e   to   o b t a i n   a  s t a b l e   c o l l o i d a l   s o l u t i o n   c o m p o u n d  

of  v e r y   f i n e   p a r t i c l e s   of  f e r r i c   h y d r o x i d e   as  a  c o m p l e x  

w i t h   t h e   d e x t r a n   p o l y m e r   in  w h i c h   t h e   e l e m e n t a l   i r o n  

c o n t e n t   may  be  f rom  10-20%  or  m o r e .  

P r i o r   to  t h e   a b o v e   m e n t i o n e d   p a t e n t ,   an  a t t e m p t   w a s  

made  to   p r o d u c e   s t a b l e   f e r r i c   h y d r o x i d e   c o m p l e x e s   h a v i n g  

a  f e r r i c   i r o n   c o n t e n t   of  ove r   10%  by  r e a c t i n g   t h e   f e r r i c  

h y d r o x i d e   w i t h   a  d e x t r a n   p o l y m e r   w h i c h   had  b e e n   m o d i f i e d  

by  t r e a t m e n t   w i t h   s o d i u m   h y d r o x i d e   at   e l e v a t e d  

t e m p e r a t u r e s   to  p r o d u c e   a  p r o d u c t   w h i c h   was  a l l e g e d   t o  

i n c l u d e   a  d e x t r a n   p o l y m e r   h a v i n g   a  c a r b o x y l i c   a c i d   g r o u p  

f o r m e d   on  a t   l e a s t   one  t e r m i n a l   u n i t   of  t h e   p o l y m e r .  

W h i l e   s u c h   s t r u c t u r e   may  have  b e e n   f o r m e d   in  t h i s  

r e a c t i o n ,   i t   was  a l s o   d i s c o v e r e d   t h a t   t h e   a l k a l i  

s i m u l t a n e o u s l y   a t t a c h e d   t h e   d e x t r a n   p o l y m e r   to  p r o d u c e   a  



n u m b e r   of  low  m o l e c u l a r   w e i g h t   and  c o l o r e d   b r e a k d o w n  

p r o d u c t s   w h i c h   were  d i f f i c u l t   i f   no t   i m p o s s i b l e   t o  

s e p a r a t e   and  w h i c h   would   p r e v e n t   p r a c t i c a l   s e p a r a t i o n   o f  

the  c a r b o x y l i c   a c i d   d e r i v a t i v e   f o r   c o m p l e x i n g   w i t h   i r o n .  

T h i s   p r o c e s s   is  d e s c r i b e d   in  B r i t i s h   p a t e n t  N o .  

1 , 1 9 9 , 9 5 1 ,   and  a l t h o u g h   the   e x a m p l e   d o e s   d e s c r i b e   a  

p r o d u c t   h a v i n g   an  i r o n   c o n t e n t   of  1 5 . 4 % ,   as  a  p r a c t i c a l  

m a t t e r   i t   was  f o u n d   t h a t   c o m p l e x e s   s u i t a b l e   f o r  

i n j e c t i o n   h a v i n g   an  i r o n   c o n t e n t   of  o v e r   10%  c o u l d   n o t  

be  a c h i e v e d   w i t h o u t   e x t e n s i v e   and  i m p r a c t i c a l  

p u r i f i c a t i o n   p r o c e d u r e s   w h i c h   a l s o   r e d u c e d   y i e l d s   t o  

n o n - c o m m e r c i a l   l e v e l s .  

I n a s m u c h   as  t he   d e x t r a n   p o l y m e r   of  c o m m e r c e   is  i n  

f a c t   a  m i x t u r e   of  p o l y m e r s   of  v a r i o u s   m o l e c u l a r   w e i g h t s ,  

i t   was  a p p a r e n t   t h a t   r e a c t i o n   w i t h   a l k a l i   wou ld   not   b e  

e f f e c t i v e   to   i n t r o d u c e   a  s u b s t a n t i a l   number   o f  

c a r b o x y l i c   a c i d   g r o u p s   i n t o   t he   p o l y m e r   m i x t u r e   t o  

f a c i l i t a t e   i n t r o d u c t i o n   of  f e r r i c   i r o n   i n t o   t h e   c o m p l e x  

to  e f f e c t   t h e   d e s i r e d   i n c r e a s e   in  i r o n   c o n t e n t .  

S u b s e q u e n t l y ,   t he   d i f f i c u l t i e s   a p p a r e n t l y  

e n c o u n t e r e d   in  the   p r a c t i c e   of  t h e   p r o c e s s   of  t h e  

a f o r e s a i d   B r i t i s h   p a t e n t   No.  1 , 1 9 9 , 9 5 1   l ed   to  t h e  

d e v e l o p m e n t   of  t he   p r o c e s s   and  p r o d u c t   d e s c r i b e d   in  U . S .  

p a t e n t   No.  3 , 5 3 6 , 6 9 6 ,   in  w h i c h   d e x t r a n   was  f i r s t  

c o n v e r t e d   to  a  h e p t o n i c   a c i d   d e r i v a t i v e   and  t h e n  

c o m p l e x e d   w i t h   f e r r i c   h y d r o x i d e .   C o m p l e x e s   c o n t a i n i n g  

up  to  250  mg  of  e l e m e n t a l   i r o n   per   ml  of   s o l u t i o n   a r e  

s t a t e d   to   be  o b t a i n e d .   W h i l e   t h i s   p r o c e s s   a p p e a r s   to  b e  

e f f e c t i v e   in  p r o d u c i n g   h i g h   i r o n   c o n t e n t   c o m p l e x e s ,   i t  

does   e n t a i l   t h e   use  of  h y d r o g e n   c y a n i d e   to   p r o d u c e   t h e  

h e p t o n i c   a c i d   d e r i v a t i v e   w i t h   i t s   c o n s e q u e n t  

d i s a d v a n t a g e s .  



SUMMARY  OF  THE  INVENTION 

A p p l i c a n t s   h a v e   now  made  t h e   s u r p r i s i n g   d i s c o v e r y  

t h a t   d e x t r a n   can  be  o x i d i z e d   by  means   of  s o d i u m   c h l o r i t e  

u n d e r   c a r e f u l l y   c o n t r o l l e d   c o n d i t i o n s   to  p r o d u c e   a  

d e r i v a t i v e   h a v i n g   a  t e r m i n a l   c a r b o x y l i c   a c i d   g r o u p   a n d  

w h i c h   is  c a p a b l e   of  c o m p l e x i n g   w i t h   f e r r i c   h y d r o x i d e   t o  

p r o d u c e   s t a b l e   i n j e c t a b l e   s o l u t i o n s   of  s u i t a b l e  

v i s c o s i t y   h a v i n g   a  h i g h   i r o n   c o n t e n t   of  up  to  20%  o r  

m o r e .  

U n e x p e c t e d l y ,   t h e   h e x o n i c   a c i d   d e r i v a t i v e s   p r o d u c e d  

by  t h i s   o x i d a t i o n   p r o c e d u r e   a r e   s i g n i f i c a n t l y   m o r e  

e f f e c t i v e   in  p r o d u c i n g   h i g h   i r o n   c o m p l e x e s   t h a n   a n y  

w h i c h   a r e   o b t a i n e d   u s i n g   o t h e r   o x i d i z i n g   a g e n t s   a s  

t a u g h t   by  t h e   p r i o r   a r t   or  any  o b t a i n e d   by  a l k a l i   e d l y ,  

t h e   h e x o n i c   a c i d   d e r i v a t i v e s   p r o d u c e d   by  t h i s   o x i d a t i o n  

p r o c e d u r e   a r e   s i g n i f i c a n t l y   more   e f f e c t i v e   in  p r o d u c i n g  

h i g h   i r o n   c o m p l e x e s   t h a n   any  w h i c h   a re   o b t a i n e d   u s i n g  

o t h e r   o x i d i z i n g   a g e n t s   as  t a u g h t   by  the   p r i o r   a r t   or  a n y  
o b t a i n e d   by  a l k a l i   t r e a t m e n t .  

I t   is  n o t e d   t h a t   U . S .   P a t e n t   4 , 3 7 0 , 4 7 6   r e f e r s   t o .  

o x i d a t i o n   of  a l d e h y d e   g r o u p s   p r e s e n t   or  f o r m e d   on  t h e  

d e x t r a n   m o l e c u l e   u s i n g   b r o m i n e   and  i n d i c a t e s   t h a t   o t h e r  

o x i d i z i n g   a g e n t s   s u c h   as  s o d i u m   h y p o b r o m i t e ,   s o d i u m  

b r o m i t e ,   c h l o r i n e ,   i o d i n e ,   s o d i u m   h y p o c h l o r i t e ,   o r  

s o d i u m   c h l o r i t e   m a y  a l s o   be  u s e d .   In  e v a l u a t i n g   t h e s e  

o x i d i z i n g   a g e n t s   in  t he   d i r e c t   o x i d a t i o n   of  d e x t r a n  

p o l y m e r s   in  a  m o l e c u l a r   w e i g h t   r a n g e   of  2 0 0 0 - 6 0 0 0 ,   i t  

was  f o u n d   t h a t   o n l y   s o d i u m   c h l o r i t e ,   u n d e r   s p e c i f i c  

o c n d i t i o n s ,   c o u l d   p r o d u c e   d e x t r a n   d e r i v a t i v e s  f r o m   w h i c h  

h i g h   i r o n   c o m p l e x e s   of  s u i t a b l e   v i s c o s i t y   c o u l d   b e  

o b t a i n e d   in  a  s i m p l e   and  e f f e c t i v e   m a n n e r   in  h i g h  

y i e l d s .  



In  a c c o r d a n c e   w i t h   a p p l i c a n t ' s   i n v e n t i o n ,   l o w  

m o l e c u l a r   w e i g h t   d e x t r a n  p o l y m e r s   w i t h i n   a  s e l e c t e d  

m o l e c u l a r   w e i g h t   r a n g e   in  w h i c h   t h e   a v e r a g e   m o l e c u l a r  

w e i g h t   must  be  b e t w e e n   a b o u t   2000  and  6000 ,   a re   o x i d i z e d  

w i t h   sod ium  c h l o r i t e   in  a q u e o u s   s o l u t i o n   at  a  pH  b e t w e e n  

2 .5   and  4 .5  and  at   a  r e a c t i o n   t e m p e r a t u r e   of  a b o u t   2 0 -  

30°C,   p r e f e r a b l y   at   a b o u t   25°C .   At  a  l o w e r   . p H ,  

h y d r o l y s i s   of  t he   d e x t r a n   is  f o u n d   to  o c c u r   and  at  a  

h i g h e r   pH,  t h e   o x i d a t i o n   d o e s   not   p r o c e e d   e f f e c t i v e l y ;  

at  l o w e r   t e m p e r a t u r e s ,   t h e   r e a c t i o n   is  too  s low  to  b e  

e c o n o m i c   or  e f f e c t i v e ,   w h i l e   at   h i g h e r   t e m p e r a t u r e s ,  

c h l o r i n e   d i o x i d e   i s   g i v e n   o f f   and  w a s t e d   a n d  

d e p o l y m e r i z a t i o n   may  o c c u r .   The  p r o p o r t i o n s   of  s o d i u m  

c h l o r i t e   u sed   a re   d e p e n d e n t   upon  t h e   r e d u c i n g   power  o f  

t h e   s t a r t i n g   d e x t r a n .  

D u r i n g   t he   o x i d a t i o n   p r o c e d u r e ,   t he   s o d i u m   c h l o r i t e  

is  added   to  t he   s o l u t i o n   of  d e x t r a n   h a v i n g   t he   d e s i r e d  

m o l e c u l a r   w e i g h t   r a n g e   u n t i l   t h e   r e d u c i n g   power  of  t h e  

r e s u l t i n g   s o l u t i o n   is  e q u i v a l e n t   to  10%  g l u c o s e   o r  
l e s s .   D e p e n d i n g   on  t h e   c o n d i t i o n s   of  r e a c t i o n ,   s u c h   a s  

t e m p e r a t u r e ,   pH,  e t c . ,   t he   amoun t   of  s o d i u m   c h l o r i t e '  

u s e d   as  v a r i e d   f rom  65%  to  130%  of  t he   w e i g h t   of  t h e  

d i s s o l v e d   d e x t r a n .  

With  r e s p e c t   to  t he   p r e f e r r e d   m o l e c u l a r   w e i g h t  

r a n g e ,   i t   has   been   f o u n d   t h a t   when  t h e   s t a r t i n g   d e x t r a n  

has   an  a v e r a g e   m o l e c u l a r   w e i g h t   r a n g e   be low  a b o u t  2 0 0 0 ,  
t he   r e s u l t i n g   i r o n   c o m p l e x e s   a r e   t oo   t o x i c   w h i l e   a b o v e  

6000  m . w . ,   t h e   c o m p l e x e s   a r e   too   v i s c o u s   f o r   use  as  a n  

i n j e c t a b l e   m a t e r i a l .  

The  m e c h a n i s m   of  s i m p l e   o x i d a t i o n   w i t h   s o d i u m  

c h l o r i t e   as  d e s c r i b e d   h e r e i n   has   been   e x t e n s i v e l y  

s t u d i e d   as  c o m p a r e d   w i t h   t he   a l k a l i   t r e a t m e n t   of  d e x t r a n  



as  d e s c r i b e d   in  B r i t i s h   1 , 1 9 9 , 9 5 1 .   The  a l k a l i  

t r e a t m e n t ,   w h i c h   is   e s s e n t i a l l y   a  d e g r a d a t i o n   p r o c e s s ,  

p r o d u c e s   a  n u m b e r   of   c o m p l e x   r e a c t i o n s   and  s i m u l t a n e o u s  

a t t a c k   upon  t h e   d e x t r a n   m o l e c u l e   t a k e s   p l a c e   in  s e v e r a l  

d i f f e r e n t   w a y s .   As  a  r e s u l t ,   a  number   of  v e r y   l o w  

m o l e c u l a r   w e i g h t   and  d i s c o l o u r e d   p r o d u c t s   a re   c r e a t e d ,  

a l o n g   w i th   a  c e r t a i n   p r o p o r t i o n   of  c a r b o x y l i c   a c i d  

d e r i v a t i v e s   w h i c h   i n c l u d e   m e t a   and  i s o - s a c c h a r i n i c   a c i d  

as   c o n t r a s t e d   w i t h   t h e   s i m p l e   and  s t r a i g h t   f o r w a r d  

o x i d a t i o n   a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n   in  w h i c h  

t h e   d e x t r a n   m o l e c u l e   i s   r e l a t i v e l y   u n a f f e c t e d   o t h e r   t h a n  

t o   p r o d u c e   t h e   d e s i r e d   h e x o n i c   a c i d   d e r i v a t i v e   w h i c h   i s  

r e p r e s e n t e d   by  t e r m i n a l   g l u c o n i c   a c i d   u n i t s   in  t h e  

p o l y m e r .  

The  p r o d u c t s   f r o m   s o d i u m   c h l o r i t e   o x i d a t i o n   of  t h e  

d e x t r a n   p o l y m e r s   r e f e r r e d   to   u n d e r   t he   c o n d i t i o n s  

d e s c r i b e d   above   w i l l   c o n t a i n   t e r m i n a l   D - g l u c o n i c   a c i d  

r e s i d u e s   h a v i n g   t h e   s t r u c t u r e  



as  c o n t r a s t e d   w i t h   t h e   m e t a - s a c c h a r i n i c   a c i d s   p r o d u c e d  

by  a l k a l i n e   d e g r a d a t i o n   of  d e x t r a n   r e p r e s e n t e d   by  t h e  

s t r u c t u r e  

For  r e a s o n s   w h i c h   a r e   no t   c l e a r l y   u n d e r s t o o d   b u t  

w h i c h   a re   b e l i e v e d   to  be  n e c e s s a r i l y   r e l a t e d   to  the   t y p e  

of  c a r b o x y l i c   a c i d   d e r i v a t e   o b t a i n e d ,   t he   d e x t r a n '  

d e r i v a t i v e s   p r o d u c e d   by  t h e   p r e s e n t   p r o c e s s   can  b e  

r e a d i l y   c o m p l e x e d   w i t h   f e r r i c   h y d r o x i d e   to  p r o d u c e   n o n -  

t o x i c   s t a b l e   i n j e c t a b l e   l i q u i d   c o m p l e x e s   c o n t a i n i n g   1 0 -  

20%  i r o n   or  m o r e .  

The  d e x t r a n   d e r i v a t i v e s   a re   t r e a t e d   to  r e m o v e  

i n o r g a n i c   i o n s   by  p a s s a g e   t h r o u g h   mixed   bed  ion  e x c h a n g e  

r e s i n s   or  by  d i a l y s i s ,   e l e c t r o d i a l y s i s   or  u l t r a -  

f i l t r a t i o n .  



The  i r o n   c o m p l e x   may  be  f o r m e d   by  r e a c t i n g   t h e  

d e x t r a n   c a r b o x y l i c   a c i d   w i t h   p u r i f i e d   f e r r i c   h y d r o x i d e  

in  c o l l o i d a l   s o l u t i o n   or  s u s p e n s i o n  p r e f e r a b l y   a t   a n  

i n i t i a l   pH  of  8 . 0 - 8 . 5   at   an  e l e v a t e d   t e m p e r a t u r e ,   f o r  

e x a m p l e ,   a t   a  t e m p e r a t u r e   r a n g e   from  b o i l i n g   t o  

a u t o c l a v i n g   at   a b o u t   1 2 0 ° ,   f o r   30  m i n u t e s .   In  t h i s  

p r o c e d u r e   t h e   i r o n   may  be  s a i d   to  c o m p l e x   w i t h   t h e  

d e x t r a n   d e r i v a t i v e   by  t h e   p r o c e s s   of  c h e l a t i o n .   I n  

p r a c t i c e   t h e   f e r r i c   h y d r o x i d e   may  be  r e a c t e d   w i t h   t h e  

o x i d i z e d   d e x t r a n   w h i l e   in  s o l u t i o n   in  t he   o x i d i z i n g  

r e a c t i o n   m i x t u r e   p r e f e r a b l y   a f t e r   a d j u s t m e n t   of   pH  a n d  

c o n c e n t r a t i o n   or  t h e   c o m p l e x i n g   may  be  c a r r i e d   o u t   a f t e r  

t h e   o x i d i z e d   d e x t r a n   p o l y m e r   has   been  s e p a r a t e d   a n d  

r e d i s s o l v e d   as  d e s c r i b e d   in  t h e   e x a m p l e s   b e l o w .  

As  d e s c r i b e d   b e l o w   t h e   i r o n   c o m p l e x   can  be  o b t a i n e d  

in  t h e   form  of  a  c o l l o i d a l   s u s p e n s i o n   in  w a t e r   w i t h   a n  

e l e m e n t a l   i r o n   c o n t e n t   of  a b o u t   5-28%  w/v  in  w h i c h   t h e  

w a t e r   c o n t e n t   of   t h e   c o l l o i d a l   c o m p l e x   may  v a r y   b u t   i s  

g e n e r a l l y   in  t h e   r a n g e   of  40-60%  w/v .   S u c h   i r o n  

c o n c e n t r a t i o n s   a r e   o b t a i n e d   by  c o n c e n t r a t i o n   w i t h  

e v a p o r a t i o n ,   and  t h e   r e s u l t i n g   s u s p e n s i o n s   h a v e   b e e n  

f o u n d   to  be  s t a b l e   e v e n   w i t h   h i g h   i r o n   c o n c e n t r a t i o n s .  

T h i s   p e r m i t s   t h e   u s e   of  l e s s e r   p r o p o r t i o n s   of  d e x t r a n  

and  l o w e r   n o n - v o l a t i l e   r e s i d u e s   f o r   t he   same  a m o u n t   o f  

i r o n .   The  f i n i s h e d   p r o d u c t   has   an  e x t r e m e l y   low  f r e e  

i r o n   o o n t e n t   w i t h   l e s s   t h a n   0 .05%  of  f r e e   f e r r i c   a n d  

f e r r o u s   i r o n   and  can   e a s i l y   t o l e r a t e   u s u a l   a u t o c l a v i n g  

c o n d i t i o n s   s u c h   as  1 2 1 ° C .   f o r   30  m i n u t e s   f o r  

s t e r i l i z a t i o n .   I f   d e s i r e d ,   t h e   c o l l o i d a l   c o m p l e x  

s o l u t i o n   or  s u s p e n s i o n   can  be  d r i e d   to  powder   and  u s e d  



as  s u c h   or  r e c o n s t i t u t e d   in  s o l u t i o n ,   b u t   w h e r e   i t   i s   t o  

be  a m p o u l e d   or  v i a l l e d   f o r   i n j e c t i o n   p u r p o s e s   i t   i s  

p r e f e r a b l e   to   r e c o v e r   the   c o m p l e x   i n   w a t e r   s u s p e n s i o n  

f o r   u s e   in  t h i s   f o r m .   The  p r o d u c t   a l s o   shows   u n i f o r m  

d i s p e r s i o n   and  good  t i s s u e   a b s o r p t i o n   a t   t h e   i n j e c t i o n  

s i t e   when  t e s t e d   on  t he   l e g s   of  r a b b i t s .   T o x i c i t y   i s  

low  and  t h e   c o m p l e x   is  found   to  be  s u i t a b l e   f o r  

p a r e n t e r a l   human  and  a n i m a l   i n j e c t i o n   t h r o u g h  

i n t r a v e n o u s   t e s t s   on  m i c e .   The  f o l l o w i n g   e x a m p l e s  

i l l u s t r a t e   t h e   m a n n e r   in  wh ich   t he   i n v e n t i o n   i s   c a r r i e d  

o u t .  

EXAMPLE  1 

To  1130   ml  of  a q u e o u s   s o l u t i o n   of   271  g r a m s   of  l o w  

m o l e c u l a r   w e i g h t   d e x t r a n ,   at  ph  3 . 0   was  a d d e d   w i t h  

s t i r r i n g ,   o v e r   a  p e r i o d   of  1  h o u r ,   163   g rams  of  s o d i u m  

c h l o r i t e .   The  t e m p e r a t u r e   was  m a i n t a i n e d   a t   2 0 ° ~ 2 5 ° C .  

The  pH  was  k e p t   at   3+  0 .2   w i t h   12N  h y d r o c h l o r i c   a c i d .  

A f t e r   c o m p l e t e   a d d i t i o n ,   s t i r r i n g   was  c o n t i n u e d   f o r   1 5  

h o u r s .   The  r e s u l t i n g   s o l u t i o n   was  p a s s e d   r e p e a t e d l y  

t h r o u g h   a  m i x e d   bed  ion   e x c h a n g e   r e s i n   c o l u m n   to  a  

c o n d u c t i v i t y   of  825  umohs .   The  pH  was  a d j u s t e d   to  5 . 1  

and  t h e .   s o l u t i o n   was  e v a p o r a t e d   to  a  d e x t r a n  

c o n c e n t r a t i o n   of  2 1 . 5 % .  

To  604  ml  of  t he   above   s o l u t i o n   was  a d d e d   1889  ml  

of  a  f e r r i c   h y d r o x i d e   a q u e o u s   s u s p e n s i o n   c o n t a i n i n g  

1 6 2 . 5   g r a m s   of  e l e m e n t a l   i r o n .   T h e  p H   of  t h e   c o m b i n e d  

l i q u i d s   was  a d j u s t e d   to  8.1  w i t h   10%  s o d i u m   h y d r o x i d e  

and  t h e   r e s u l t i n g   l i q u i d   was  e v a p o r a t e d   to  a b o u t   1 0 0 0  

m l .   To  i t   was  a d d e d   w i t h   s t i r r i n g   1 . 5   l i t r e s   of  92% 

i s o p r o p a n o l .   The  p r e c i p i t a t e   was  a l l o w e d   to  s e t t l e ,   t h e  



s u p e r n a t e n t   was  p o u r e d   o f f   and  t h e   p r e c i p i t a t e   was  

d i s s o l v e d   in  150  ml  of  d e i o n i z e d   w a t e r .   The  s o l u t i o n  

was  e v a p o r a t e d   to  a b o u t   21%  i r o n .   The  pH  was  a d j u s t e d  

t o   6  w i t h   10%  s o d i u m   h y d r o x i d e ,   t h e   c h l o r i d e   c o n t e n t   t o  

0 .9%  w i t h   s o d i u m   c h l o r i d e   and  t he   p h e n o l   c o n t e n t   to   0 .5% 

w i t h   90%  p h e n o l   s o l u t i o n .   A f t e r   f i l t r a t i o n ,   t h e   p r o d u c t  

was  d i l u t e d   w i t h   d e i o n i z e d   w a t e r   to   t h e   d e s i r e d   20% 

i r o n .   The  r e l a t i v e   v i s c o s i t y   was  1 6 . 8   a t   3 7 ° C .  

The  r e s u l t i n g   p r o d u c t   was  a  c o l l o i d a l   s u s p e n s i o n   o r  

s o l u t i o n   of  t h e   d e s i r e d   d e x t r a n   h e x o n i c   a c i d  -   f e r r i c  

h y d r o x i d e   c o m p l e x ,   s u i t a b l e   f o r   i n j e c t i o n   a f t e r  

a p p r o p r i a t e   s t e r i l i z a t i o n   and  a m p o u l i n g .  

EXAMPLE  I I   (10%  IRON  DEXTRAN) 

To  714  ml .   of  an  a q u e o u s   s o l u t i o n   of   100  g rams   o f  

l ow  m o l e c u l a r   w e i g h t   d e x t r a n ,   was  a d d e d   w i t h   s t i r r i n g ,  

93  g r a m s   of  s o d i u m   c h l o r i t e   o v e r   a  p e r i o d   of  30 

m i n u t e s .   The  pH  was  m a i n t a i n e d   a t   3+  0 . 2   and  t h e  

t e m p e r a t u r e   k e p t   a t   1 8 ° - 2 0 ° C .   pH  a d j u s t m e n t   was  m a d e  

w i t h   12N  H c l .  

A f t e r   c o m p l e t e   a d d i t i o n   s t i r r i n g   was  c o n t i n u e d   f o r  

14  h o u r s   a t   room  t e m p e r a t u r e   m a i n t a i n i n g   t h e   pH  a t  

3+  0 2 .  

The   o x i d i z e d   d e x t r a n   was  p r e c i p i t a t e d   by  t h e  

a d d i t i o n   o f  4   l i t r e s   of  m e t h a n o l .   The  s u p e r n a t e n t   was  

d e c a n t e d   and  t h e   p r e c i p i t a t e   was  d i s s o l v e d   in  4 0 0  m l  

d e i o n i z e d   w a t e r .  

The   s o l u t i o n   was  p a s s e d   r e p e a t e d l y   t h r o u g h   a  m i x e d  

i o n - e x c h a n g e   r e s i n   c o l u m n   to  a  c o n d u c t i v i t y   of   400  

u m o h s .   The  pH  was  t h e n   a d j u s t e d   to   5 . 5   w i t h   10%  s o d i u m  



h y d r o x i d e   and  t h e   s o l u t i o n   was  t h e n   c o n c e n t r a t e d   b y  

e v a p o r a t i o n   to   18.5%  d e x t r a n .  

To  65  ml  of  t h e   above   s o l u t i o n   was  a d d e d   126  ml  o f  

a  s u s p e n s i o n   of  f e r r i c   h y d r o x i d e ,   c o n t a i n i n g   10  g rams   o f  

e l e m e n t a l   i o n .   The  pH  of  t h e   c o m b i n e d   m a t e r i a l s   w a s  

a d j u s t e d   to   8 . 3   w i t h   10%  s o d i u m   h y d r o x i d e .   I t   was  t h e n  

c o n c e n t r a t e d   to  a b o u t   80  ml .   To  i t   was  a d d e d   w i t h  

s t i r r i n g   120  ml  of  95%  i s o p r a n o l .   The  p r e c i p i t a t e   w a s  

a l l o w e d   to   s e t t l e ,   t he   s u p e r n a t e n t   was  p o u r e d   o f f   a n d  

t h e   p r e c i p i t a t e   was  d i s s o l v e d   in  120  ml  of  d e i o n i z e d  

w a t e r .   The  r e s u l t i n g   s o l u t i o n   was  e v a p o r a t e d   to  a b o u t  

80  m l .   The  pH  was  a d j u s t e d   to  6 .4   w i t h   1N,  h y d r o c h l o r i c  

a c i d ,   t h e   c h l o r i d e   c o n t e n t   to  0.9%  w/v  w i t h   s o d i u m  

c h l o r i d e ,   and  t he   p h e n o l   c o n t e n t   to  0.5%  w/v  w i t h   90% 

p h e n o l   s o l u t i o n .  

A f t e r   f i l t r a t i o n ,   t h e   c o l l o i d a l   d e x t r a n   h e x o n i c  

a c i d   f e r r i c   h y d r o x i d e   s o l u t i o n   ws  d i l u t e d   w i t h   w a t e r   t o  

c o n t a i n   10%  w/v  i r o n .   The  r e l a t i v e   v i s c o s i t y   was  4 .8   a t  

3 7 ° C .  

EXAMPLE  I I I   (PLANT  BATCH,  COUPLING  OF  IRON  AT 

AUTOCLAVE  TEMPERATURE)  (20%  IRON) 

To  1000   l i t r e s   of  a  s o l u t i o n   of  low  m o l e c u l a r  

w e i g h t   d e x t r a n   c o n t a i n i n g   224  k i l o s   of  d e x t r a n ,   w a s  

a d d e d   w i t h   s t i r r i n g   ove r   a  p e r i o d   of  36  h o u r s   a  t o t a l   o f  

192  k g s .   of  s o d i u m   c h l o r i t e   at  room  t e m p e r a t u r e .   T h e  p H  

was  m a i n t a i n e d   at  3  to  3 . 5  b y   t h e   a d d i t i o n   of  12N 

h y d r o c h l o r i c   a c i d .   The  r e s u l t i n g   s o l u t i o n   was  p a s s e d  

t h r o u g h   a  m i x e d   bed  ion  e x c h a n g e   r e s i n   c o l u m n   to   a  f i n a l  

c o n d u c t i v i t y   of  560  umohs .   The  pH  was  t h e n   a d j u s t e d   t o  

5 .7   w i t h   10%  s o d i u m   h y d r o x i d e   and  i t   was  t h e n   e v a p o r a t e d  

f rom  a  v o l u m e   of  a b o u t   4000  l i t r e s   to  a b o u t   650  l i t r e s .  



To  t h i s   s o l u t i o n   was  a d d e d   1 6 6 5   l i t r e s   of  a  

s u s p e n s i o n   of  f e r r i c   h y d r o x i d e   in   w a t e r   c o n t a i n i n g   8 . 4 3 %  

w / v   e l e m e n t a l   i r o n .   The  pH  was  a d j u s t e d   to  6 . 1   w i t h  

s o d i u m   h y d r o x i d e   and  i t   was  t h e n   e v a p o r a t e d   to   1 6 0 0  

l i t r e s ,   a f t e r   w h i c h   i t   was  a u t o c l a v e d   a t   15  p . s . i .   f o r  

60  m i n u t e s   w i t h   s t i r r i n g .   I t   was  a g a i n   e v a p o r a t e d   to  a  

c o n c e n t r a t i o n   of   a b o u t   13%  w/v  i r o n .   To  t h i s   s o l u t i o n  

700   l i t r e s   of   97%  i s o p r o p a n o l   w e r e   a d d e d ,   w i t h  

s t i r r i n g .   The  p r e c i p i t a t e   was  a l l o w e d   to   s e t t l e ,   t h e  

s u p e r n a t e n t   was  r e m o v e d ,   and  t h e   p r e c i p i t a t e   w a s  

d i s s o l v e d   in   400  l i t r e s   of  d e i o n i z e d   w a t e r .   The  pH  w a s  

a d j u s t e d   to   6 . 0   w i t h   s o d i u m   h y d r o x i d e   and  t h e   r e s u l t i n g  

s o l u t i o n   was  e v a p o r a t e d   to  a b o u t   600  l i t r e s .  

A f t e r   pH,  c h l o r i d e   c o n t e n t   and  p h e n o l   c o n t e n t  

a d j u s t m e n t s   and   f i l t r a t i o n   t h e   r e s u l t a n t   s o l u t i o n  

c o n t a i n e d   1 9 . 5 %   w/v  i r o n   w i t h   a  r e l a t i v e   v i s c o s i t y   of  1 8  

a t   3 7 ° C .  

The  p r o d u c t   was  t h e   d e s i r e d   c o l l o i d a l  

s o l u t i o n / s u s p e n s i o n   of  t h e   d e s c r i b e d   d e x t r a n - h e x t o n i c  

a c i d - f e r r i c   h y d r o x i d e   c o m p l e x .  

EXAMPLE  I V  

To  1400   l i t r e s   low  m o l e c u l a r   w e i g h t   d e x t r a n  

s o l u t i o n ,   c o n t a i n i n g   1 5 9 . 2   k g s .   d e x t r a n ,   was  a d d e d ,   o v e r  

a  p e r i o d   of   48  h o u r s ,   a  t o t a l   of  130  k g .   s o d i u m   c h l o r i d e  

a t   room  t e m p e r a t u r e  m a i n t a i n i n g   pH  2 . 9   to   3 . 2   by  t h e  

a d d i t i o n   of   c o n c e n t r a t e d   H c l .   The   s o l u t i o n   was  t h e n  

d e i o n i z e d   t h r o u g h   a  m i x e d   bed  i o n   e x c h a n g e   r e s i n   c o l u m n  

t o   a  f i n a l   c o n d u c t i v i t y   of  420  u m o h s .  



The  pH  of  t h e   s o l u t i o n   ws  a d j u s t e d   to  5 . 3 ,   w i t h  

s o d i u m   h y d r o x i d e   and  t h e   s o l u t i o n   e v a p o r a t e d   to  8 4 0  

l i t r e s   ( 1 1 . 8 %   d e x t r a n ) .  

To  t h i s   was  a d d e d   1227  l i t r e s   f e r r i c   h y d r o x i d e  

s u s p e n s i o n ,   c o n t a i n i n g   110  kg.  of  e l e m e n t a l   i r o n .   T h e  

pH  w a s  a d j u s t e d   to  8 .2   u s i - n g  a   c o n e .   NaOH  s o l u t i o n ,   a n d  

t h e   s o l u t i o n   e v a p o r a t e d   to   a p p r o x i m a t e l y   14 .0%  F e .  

To  t h i s   was  a d d e d   w i t h   s t i r r i n g   880  l i t r e s   85% 

i s o p r o p a n o l   t h e   s u p e r n a t e n t   pumped   ou t   and  t h e  

p r e c i p i t a t e   d i s s o l v e d   in  a p p r o x i m a t e l y   800  l i t r e s  

d e i o n i z e d   w a t e r   and  t h e   s o l u t i o n   e v a p o r a t e d   t o  

a p p r o x i m a t e l y   480  l i t r e s .   (Fe  c o n c e n t r a t e   1 2 . 4 % ) .   T h e  

pH  of   t h e   s o l u t i o n   was  a d j u s t e d   to  5 . 9 ,   c h l o r i d e   c o n t e n t  

to   0 . 8 5 %   and  p h e n o l   c o n t e n t   to  0 . 0 5 % .   The  i r o n   d e x t r a n  

c o m p l e x   was  f i l t e r e d ,   d i l u t e d   to   20 .0%  Fe  w i t h   p u r i f i e d  

w a t e r ,   and  t h e n   f i l t e r e d   t h r o u g h   a  0 . 4 5   m i c r o n   m e m b r a n e  

f i l t e r .  

The  p r o d u c t   (504  l i t r e s )   w h i c h   was  the   d e s i r e d  

c o l l o i d a l   d e x t r a n   h e x o n i c   a c i d - f e r r i c   h y d r o x i d e   c o m p l e x  

had  a  r e l a t i v e   v i s c o s i t y   of  6 .3   a t   3 7 ° C .   (Fe  c o n e .  

2 0 . 0 2 % ) .  

At  21 .39%  Fe ,   t h e   r e l a t i v e   v i s c o s i t y   was  8 . 0 9 ,   a n d  

on  c o n c e n t r a t i o n   to  23.5%  Fe ,   t h e   r e l a t i v e   v i s c o s i t y   w a s  

1 8 . 1 .  

The  c o l l o i d a l   s o l u t i o n s   of  t h e   d e x t r a n   h e x o n i c   a c i d  

f e r r i c   h y d r o x i d e   c o m p l e x e s   d i s c l o s e d   h e r e i n   a r e   i n t e n d e d  

f o r   u s e   as  i n j e c t a b l e   i r o n   s o l u t i o n s   a f t e r   a p p r o p r i a t e  

v i a l l i n g   or  a m p o u l i n g   and  s t e r i l i z a t i o n   by  a u t o c l a v i n g  

or  t h e   l i k e ,   in   a c c o r d a n c e   w i t h   p r o c e d u r e s   w e l l   known  t o  



t h e   a r t .   They   had  b e e n   f o u n d   to  be  r e a d i l y   a b s o r b e d   d u e  

to  t h e i r   r e l a t i v e l y   low  v i s c o s i t y   in  p r o p o r t i o n   to   t h e i r  

h i g h   i r o n   c o n t e n t   and  to   be  of  l i t t l e   or  low  t o x i c i t y   i n  

a n i m a l s .  



1.  A  d e x t r a n   h e x o n i c   a c i d   d e r i v a t i v e   h a v i n g   o n e  

or   more  t e r m i n a l   D - g l u c o n i c   a c i d   r e s i d u e s   o b t a i n e d   b y  

t h e   o x i d a t i o n   of  a  d e x t r a n   p o l y m e r   h a v i n g   an  a v e r a g e  
m o l e c u l a r   w e i g h t   of  f r o m   a b o u t   2000  to   6000  w i t h  

s o d i u m   c h l o r i t e   a t   a  pH  of  a b o u t   2 .5   t o   4 .5   and  at   a  

t e m p e r a t u r e   of  a b o u t   20  to   3 0  C .  

2.  A  d e x t r a n   h e x o n i c   a c i d   d e r i v a t i v e   h a v i n g   a t  

l e a s t   one  t e r m i n a l   u n i t   of  t h e   f o r m u l a   s t r u c t u r e   o f  

D - g l u c o n i c   a c i d .  

3.  A  c o m p l e x   of  t h e   p r o d u c t   of  C l a i m   1  w i t h  

f e r r i c   h y d r o x i d e .  

4.  A  p r o c e s s   f o r   p r o d u c i n g   a  h e x o n i c   a c i d  

d e r i v a t i v e   of  d e x t r a n   w h i c h   c o m p r i s e s   o x i d i z i n g   a  

d e x t r a n   p o l y m e r   h a v i n g   a  m o l e c u l a r   w e i g h t   b e t w e e n  

a b o u t   2000  and  6000  w i t h   s o d i u m   c h l o r i t e   in  a q u e o u s  
s o l u t i o n   at   a  pH  of  a b o u t   2 .5   to   4 . 5   and  at  a  

t e m p e r a t u r e   of  a b o u t   20  to   30°C  and  r e c o v e r i n g   t h e  

h e x o n i c   a c i d   d e r i v a t i v e   p r o d u c e d   t h e r e b y .  

5.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  a  f e r r i c  

h y d r o x i d e   c o m p l e x   w i t h   a  d e x t r a n   h e x o n i c   a c i d  

d e r i v a t i v e   w h i c h   c o m p r i s e s   r e a c t i n g   f e r r i c   h y d r o x i d e  

w i t h   t h e   p r o d u c t   p r o d u c e d   by  t h e   p r o c e s s  o f   C la im  4 .  
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